Obesity and diabetes are serious health problems for Americans and especially for those with American Indian or Mexican ancestry. A preliminary survey by protein analysis rather than classical nucleic acid sequencing methods has suggested a correlation between a newly discovered T45S variant of apolipoprotein C1 (ApoC1), found only in persons with American Indian or Mexican ancestry, and elevated body mass index (BMI). American Indians with the S45 ApoC1 variant (n ¼ 36) had an average of 9% higher BMI than those who had only T45 ApoC1 (n ¼ 192, P ¼ 0.029). Elevated rates of diabetes were reported for parents of subjects with the S45 protein (P ¼ 0.006). In five gender-matched sibling pairs, persons with Mexican ancestry showed a 1.34-fold higher BMI for those with S45 ApoC1 (P ¼ 0.022). This protein may contribute to the elevated rates of diabetes in relevant ethnic groups and might be more common in isolated populations.
Apolipoprotein C1 (ApoC1) is implicated in maintenance of high-density lipoprotein (HDL) structure, regulation of lipase enzymes, [1] [2] [3] inhibition of cholesteryl ester transferase protein, 4 ,5 activation of plasma lecithin-cholesterol acyltransferase, modulation of apolipoprotein E interaction with beta-migrating very low-density lipoprotein (VLDL) and inhibition of beta-VLDL binding to low-density lipoprotein receptor-related protein. 6, 7 A variant in the promotor region 8, 9 may link ApoC1 expression levels to familial dysbetalipoprotemia, cardiovascular disease and Alzheimer's disease. [10] [11] [12] Overexpression of human ApoC1 in the mouse produces a hyperlipidemic condition, 2, 13 suggesting an important role in lipid metabolism. Recent proteome studies resulted in discovery of the first structural polymorphism of ApoC1, a T45S variant, in persons with American Indian and Mexican ancestries. 14 The variant was more subject to N-terminal truncation in vivo and in vitro and displayed increased distribution to VLDL. The following presents a preliminary study suggesting an impact of S45 ApoC1 on body mass index (BMI) with possible extension to diabetes.
All studies were conducted with the approval of Institutional Review Board of the University of Minnesota. Informed consent was obtained for protein analysis to discover biomarkers related to diabetes. Plasma samples from persons of American Indian descent were obtained (described earlier 14 ) at the American Indian Community Development Corporation in Minneapolis, MN. Samples from persons with Mexican ancestry were obtained with the assistance of St Mary's Health Clinics community centers.
BMI comparisons of two populations were evaluated by the Kruskal-Wallis test. Sibling pairs were evaluated by Student's t-test for paired samples. Diabetes rates in two groups were evaluated by the w 2 test. BMI of same-sex siblings was included as a single averaged value. In the family health survey among American Indians, 75% of T45 subjects (defined as those with only T45 ApoC1 in the profile) reported knowledge of diabetes history for mothers vs 76% for S45 subjects (defined as those who have only S45 ApoC1 or a combination of S45 and T45 ApoC1 in the profile); 55% of T45 subjects reported diabetes history for fathers vs 59% for S45 subjects. In the case of siblings (n ¼ 12), only one report of parental health was used per family. Data from persons of Mexican ancestry were analyzed by comparison of same-sex siblings, one of whom was T45 and the other S45 (n ¼ 5). Plasma protein profiles were obtained as described 15 by dilution of plasma, acidification and extraction with a 4-carbon reverse-phase resin. The proteins were eluted, applied to a matrix-assisted laser desorption/ionization mass spectrometry target along with sinipinic acid matrix and analyzed in the Bruker Biflex III mass spectrometer as described. 15 Figure 1a (left panel) shows the portion of the plasma protein profile containing ApoC1 from a T45 subject. Fulllength (m/z ¼ 6632) and truncated (minus amino-terminal Thr-Pro, m/z ¼ 6434) proteins were detected. ApoC1 from this subject was isolated by ultracentrifugation of plasma and SDS-polyacrylamide gel electrophoresis separation of the VLDL fraction as described.
14 The ApoC1 band was subjected to in-gel digestion with Glu-C protease and extracted peptides were analyzed by mass spectrometry and the including the presence of a peak at À14 mass units for full-length and truncated ApoC1 with greater truncation than for the T45 protein, are unlikely to be duplicated in another variant of ApoC1. Table 1 presents a summary of the health survey of 228 subjects of American Indian ancestry. For analysis of combined data for both genders, female BMI values were Abbreviations: ApoC1, apolipoprotein C1; BMI, body mass index. a Males were compared to the average for T45 males and females to the average for T45 females.
Apolipoprotein C1 variant and elevated BMI RS Kasthuri et al expressed relative to the average for T45 females, and males relative to the average for T45 males. This resulted in a 9% higher BMI for the S45 group (Table 1) , arising from 11% higher BMI for males and 7% for females. The family health survey suggested that parents of subjects with the S45 variant had a higher rate of diabetes (Table 1) . Subjects with S45 also showed a higher rate of diabetes that did not attain statistical significance. However, the difference may become significant with age. Subjects with diabetes had an average age of 48710 vs 4379 years for those without. Thus, a simple proportional age-related increase of diabetes in the S45 and T45 subject populations will result in a significant difference at a future time. Plasma levels of glucose, triglycerides and cholesterol were determined by standard methods for persons who fasted before sample collection. No differences in lipids between S45 (n ¼ 20) and T45 (n ¼ 134) individuals were detected: triglycerides, 1217115 vs 1227120 mg/dl; total cholesterol, 145735 vs 156754 mg/dl. Although 80% of diabetic subjects reported therapy to control blood glucose, the values remained high: 195779 mg/dl for S45 (n ¼ 7) vs 215798 mg/dl for T45 (n ¼ 26) individuals. Blood glucose for those without diabetes was also somewhat high: 111712 mg/dl (n ¼ 13) for S45 vs 113718 mg/dl for T45 (n ¼ 108) individuals.
Although fewer persons of Mexican ancestry were studied, five gender-matched sibling pairs of T45 and S45 subjects were found. The average BMI of the T45 siblings was 27.273.1 vs 36.275.5 kg/m 2 for S45 siblings (P ¼ 0.022).
Overall, this preliminary survey suggested that some individuals are impacted by the S45 variant of ApoC1. Further studies are needed to determine whether the primary impact is exclusively on BMI with a secondary impact on diabetes or if there may be a direct impact on diabetes. Some S45 individuals had normal BMI and it is possible that additional genetic or lifestyle factors interact with the S45 protein. Expanded studies of larger populations are needed, with inclusion of nutritional and lifestyle factors, to improve our understanding of how the S45 ApoC1 protein impacts on BMI, diabetes and other health parameters.
